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Objective. To evaluate the design, implementation, and outcomes of a three-week pharmacy bridging
course (PBC) covering five math and science areas for first-year doctor of pharmacy students in fall
2015.
Methods. Each topic was taught as a separate module. All five modules used pre- and post-module
assessments to measure student knowledge and confidence. Course grades for subsequent first-year
courses (PY1) were collected to examine relationships between PBC and PY1 courses.
Results. Scores on the post-knowledge assessments increased for all five subject areas compared to
scores on pre-PBC knowledge assessments. Student confidence also increased pre-/post- in applied
mathematics, biostatistics, and organic chemistry. Students agreed that PBC enhanced their level of
academic preparation and increased their motivation to continue in the program. PBC performance was
strongly correlated with first-year grade point average.
Conclusion. A bridging course is both feasible and effective for helping students prepare for and
transition into a doctor of pharmacy degree program.
Keywords: short course, flipped classroom, biostatistics, physiology, chemistry
INTRODUCTION
Bridging courses are short intensive courses com-
monly designed to increase knowledge, boost confidence,
facilitate academic and social transitions, and enhance
student preparation formore advanced impending course-
work. A growing body of research points to the benefits of
providing a short course to bridge the academic gap and
help students transition between two educational environ-
ments or programs.1-4 In undergraduate education, these
courses tend to focus on helping incoming students tran-
sition into the college environment and coursework.1,4 In
contrast, professions education typically use these types
of courses to help students transition from a degree pro-
gram into the workplace or postgraduate training (eg,
a fourth-year capstone to assess clinical readiness).2,3
This approach may be particularly relevant for pharmacy
education, where students enroll in doctoral programs
with a broad array of skills, experiences, and expecta-
tions. Exploring the use of a bridging course for stu-
dents transitioning into a doctor of pharmacy (PharmD)
program is an important step toward helping students pre-
pare for the demands of a professional curriculum. In fall
2015, a three-week pharmacy bridging course (PBC)
comprised of five modules spanning foundational math
and science areas was developed and implemented for
first-year doctor of pharmacy students at theUNCEshelman
School of Pharmacy. This brief describes the design,
implementation, and outcomes of the PBC.
METHODS
The PBCwas a 3.5-credit hour course comprised of
five modules: applied mathematics, biochemistry, bio-
statistics, organic chemistry, and physiology. There
were 153 students enrolled, with 128 on the Chapel Hill
campus and 25 connected synchronously from theAshe-
ville campus. PBC was the first course offered in the
school’s transformed curriculum.14 All first-year incom-
ing students were required to take the course in a span of
three weeks in August without concurrent courses. Once
students completed PBC, they had to take the follow-
ing classes immediately: Pathophysiology of Hu-
man Disease, Molecular Foundations of Drug Action,
Evidence-Based Practice, Pharmacy Calculations and
Medical Terminology, Immunization Training, and On
Becoming a Pharmacist.
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PBC included prerequisite content often retaught in
the legacy curriculum as part of the foundational course-
work (all topics except for biochemistry were required
prerequisites for admission in 2015; biochemistry became
a prerequisite in 2016). Within the legacy curriculum, for
example, physiology was included as a 4 credit-hour
course (60 contact hours) designed to address student de-
ficiencies prior to pharmacotherapy coursework. Aspects
of organic chemistry were retaught in three separate
courses in the legacy curriculum (ie, pharmaceutics, me-
dicinal chemistry, and pharmacodynamics) while applied
mathwas reviewed in courses such as pharmacodynamics
and pharmaceutical calculations. By creating the PBC, it
is estimated that the time spent on these core topics de-
creased from 1501 hours spread across several courses in
the legacy curriculum to approximately 35 hours of PBC
at the onset of the transformed curriculum (Appendix).
PBC was designed to help students learn key facts
critical for the field of pharmacy, level the playing field
for a diverse group of students, and introduce students to
the instructional methods used in the transformed cur-
riculum. Module directors were afforded the autonomy
to design their respective module using any modalities,
strategies, or technologies that aligned with the core
principles of PBC, the flipped classroom,6-14 and the
time constraints of the course. Students were required
to earn 55 points (out of 100) in each module to pass.
Physiology included an additional passing requirement
for each topic area. The strategies and time commitments
used for module development reflected the diversity and
creativity of flipped implementation used by module di-
rectors (Table 1). The course director welcomed the stu-
dents on the first day of PBC, provided an overview of the
course, facilitated the implementation of all data collection
instruments, and encouraged students to provide feedback
about PBC throughout the course.
All modules used a required pre-test and post-test to
assess student knowledge. On the day prior to the first
module class session, students completed a pre-test that
covered basic knowledge for all five modules. Each mod-
ule pre-test was written by the module director and in-
cluded onlymultiple choice questions, with the exception
of some calculation problems in appliedmath. At the start
of the first class session for each module, a survey was
also administered to students to collect information about
their confidence in knowledge of the topic (from 0 not at
all confident to 100 completely confident). Confidence
was also measured at the end of each module, along with
Table 1. Operationalization of the Flipped Classroom for the Five Modules of the Pharmacy Bridging Course, Including Learning
Strategies, Meeting Times, and Estimated Time Commitments
Module
Flipped
Elements Applied Math Biochemistry Biostatistics Organic Chemistry Physiology
Pre-Class
Learning
Strategies
Video (20 min.),
assignment (90
min.)
Readings and
videos (30 min.)
Web-based with
embedded
assessments (20 min.)
Video (30 min.), problem
set (30 min.)
Readings for 7
topics (30-75
min. each)
In-Class
Learning
Strategies
Quiz (15 min.),
discussion (45
min.), problems
(20 min.)
Group-based
problem solving
(40 min.), micro-
lectures (10
min.)
Micro-lectures (10
min.), group
discussion (3 x 10
min. each), clicker
questions (10 min.)
Micro-lectures (2 x 10
min.), group-based
problem solving (40
min.)
Student-directed
inquiry about
any topic (50
min.)
Assessment
Strategies
Pre-test, in-class
quizzes,
participation,
post-test
Pre-test, pre-class
questions,
problem sets,
post-test
Pre-test, pre-class
assessments,
participation, post-
test
Pre-test, participation,
post-test
Pre-test, problem
sets, post-test
Meeting
Times
6 sessions: M, W, F
for 120 min. each
13 sessions: M-F
for 50 min. each
9 sessions: M-F for 50
min. each
7 sessions: M, W, F for 75
min. each
3 sessions, all
optional: M, F
for 50 min. each
Required
Resources
Internet access for
online materials,
and Microsoft
Office Excel
Internet access for
online materials,
and a calculator
Internet access for web-
based pre-class
learning
Internet access for online
materials
Internet access for
readings and
problem sets
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a post-test written by the module director to reflect the
same concepts, format, and difficulty as the pre-test. The
number of questions on the post-test ranged from20 items
(biochemistry) to 97 items (physiology). All instruments
were reviewed by the course director and module direc-
tors. A course evaluation was administered at the end of
the course. The pre-test and post-test were required. The
survey and course evaluation were voluntary and no in-
centives were provided. All instruments were adminis-
tered using SofTest (Examsoft, Dallas, TX) except for
applied math, which was paper and pen.
Course grades for all subsequent first-year courses
(PY1) were also collected, along with admissions data
for each student. Course gradesweremeasured on a scale
of 1(F) to 4(A) and averaged for an end of PY1 grade
point average (GPA). All statistical analyses were con-
ducted in SPSS, v23 (IBM, Armonk, NY). Paired t-test
was used for all pre-post analyses. Pearson correlation
was used to examine the relationship between PBC per-
formance and end of PY1 GPA. Continuous data are
represented by mean (standard deviation) and categori-
cal data are represented by (median, range). A p,.05
was considered significant. This study was determined
to be exempt from full review by the UNC Institutional
Review Board.
RESULTS
Most students in PBC were female (68%), white/
Caucasian (62%), and have a bachelor’s degree prior to
enrollment (78%). Average PCAT and undergraduate
GPA were 87.58 (10.6) and 3.48 (.3) respectively. In
PBC, 138 students (90.2%) scored# 55% on one or more
module pre-test, with 12 students failing all five pre-tests.
There was a significant increase in scores from pre-test
to post-test for all five subject areas (p,.01) (Table 2).
Notably, students scoring 1 SD below themean in applied
math on the pre-test (n5 25) improved from 28.5(2.7) to
77.6(11.9) (p,.01) on the post-test; biochemistry (n527)
improved from 40.4(6.3) to 70.0(14.6) (p,.01); biostatis-
tics (n523) improved from 34.8(5.3) to 86.2(10.5)
(p,.01); organic chemistry (n514) improved from 30.0
(4.3) to 68.6(10.9) (p,.01); and physiology (n530) im-
proved from 45.5(3.2) to 76.1(8.7) (p,.01).
Eight students did not achieve a passing score for
biochemistry, three for organic chemistry, and two for
applied math. In the physiology module, all students
passed the module but 18 students failed an additional
passing requirement for a topic area. Two students failed
to achieve a passing score for more than one module.
Students who did not pass were asked to work with the
module director to create an individual learning plan
consisting of self-directed study with online resources,
meetings with remediation assistants, and input from the
module instructors.
Confidence significantly increased in three topic
areas: applied math (p5.02); biostatistics (p,.01); and
organic chemistry (p,.01) (response rates 38% to
42%). In an analysis of confidence and test scores (Figure
1), students were generally overconfident on the pre-tests
(ie, average pre-module confidence scores . average
pre-test scores) and underconfident on the post-tests
(ie, average post-module confidence scores , average
post-test scores). More than 100 students completed the
course evaluation (response rate 68.6%). On a five-point
scale from 1 (poor) to 5 (excellent), PBC received an
overall rating of very good (median54, range 1-5), with
62% indicating the value ofwhat they learned during PBC
as very good or excellent. Eighty-six percent of students
agreed or strongly agreed that the course enhanced their
level of academic preparation (median54, range 2-5),
84.8% agreed or strongly agreed that they needed the
modules of the PBC, and 67.6% agreed or strongly agreed
that PBC increased their motivation to continue in the
PharmD program (median54, range 1-5).
PBC overall performance (ie, average performance
across all five modules) was very strongly correlated
with PY1 GPA (rp5.8, p,.001) and moderately corre-
lated with PCAT (rp5.5, p,.001) and undergraduate
GPA (rp5.4, p,.001). The relationship of each module
to each course in the PY1 year is beyond the scope of this
brief.
Table 2. Performance and Perception Scores for Each Subject
Area (N5153)
Knowledge
Assessmenta N
Pre-PBC Post-PBC
p valueMean(SD) Mean (SD)
Applied Math 152 45.4 (12.7) 83.4 (10.6) ,.01
Biochemistry 153 59.5 (12.3) 78.7 (11.8) ,.01
Biostatistics 148 59.0 (14.2) 86.1 (9.4) ,.01
Organic
Chemistry
152 54.2 (14.4) 79.5 (12.6) ,.01
Physiology 153 58.7 (9.6) 81.4 (7.3) ,.01
Confidence
Assessmentb
Applied Math 64 67.0 (20.0) 73.1 (12.8) .02
Biochemistry 59 62.2 (22.4) 68.1 (16.1) .05
Biostatistics 64 55.1 (19.9) 75.1 (13.6) ,.01
Organic
Chemistry
64 61.4 (21.0) 70.6 (16.0) ,.01
Physiology 58 70.7 (16.7) 69.3 (15.6) .57
aMeasured on a scale from 0 to 100%; some data missing due to
technical difficulties with the test-taking software during the pre-
assessment
bMeasured on a scale from 0 (not at all confident) to 100 (completely
confident)
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DISCUSSION
Bridging courses provide schools with an opportu-
nity to facilitate student transition into a curriculumwhile
affording students the opportunity to further prepare for
their impending studies.2,3 This study suggests that
a bridging course for newly enrolled PharmD students
improved confidence and increased knowledge for five
key subject areas critical for success in pharmacy school,
particularly for those who performed poorly on the pre-
test. In addition, performance in this course was strongly
related to performance in subsequent courses, which sug-
gests that the PBC may have utility for identifying stu-
dents early on that may benefit from additional academic
support later in the curriculum. The findings of this study
complement research that demonstrate positive outcomes
associated with formally facilitating the academic transi-
tion into a new programor environment.15,16 Shreiber and
colleagues, for example, described a multidisciplinary
“boot camp” that created a network of peers and mentors,
established a common language, and improved student
proficiency in relevant techniques for undergraduates.17
Wayne and colleagues found that a 16-hour “boot camp”
for students entering medical residency boosted a variety
of clinical skills.3
Although this study was not designed specifically to
evaluate the impact of using a flipped classroom design,
there are several aspects of this design element worth
noting. By askingmodule directors to use a flipped course
design, the school was able to adhere to its guiding prin-
ciples of active student engagement14 while empowering
faculty to choose from a wide range of options for de-
signing the module. The five module directors in this
course employed various strategies for delivering content
to students prior to class and engaging students in active
learning during class, illustrating the flexibility and func-
tionality of the flipped classroom for the enabling math
and sciences.
While this coursewas seen as largely successful in its
first iteration, optimizing the effectiveness of any course
requires adaptation and adjustments. Based on our expe-
riences and student feedback, changes to subsequent
course offerings include: a redesigned applied math mod-
ule as a self-paced online course; a new pharmacy toolkit
module that introduces students to foundational phar-
macy practice terminology and concepts; a new evi-
dence-based learning module designed to help students
articulate their PharmD learning goals, post-PharmD pro-
fessional goals, and preferred learning approaches; more
in-class time for the physiology module; and a higher
passing criteria to ensure a minimal level of competency
balanced with desirable difficulty.
In our experience, a bridging course is critical for
students entering a PharmD program. However, further
research is needed to understand how this course impacts
student performance and behavior in subsequent course-
work. For example, which elements of PBC (eg, course
content, student small group collaborations, faculty inter-
actions) help students transition into the PharmD
program? Which content areas are most relevant for suc-
cess later in the program? Low response rates for the
confidence and difficulty data currently limit our ability
to fully understand the relationship of these constructs
with other aspects of the course and future research should
examine these aspects more closely. In addition, this
study was a pre-post design for a single cohort at a single
institution, which limits our ability to generalize the find-
ings. Future research should also examine longer term
outcomes associated with the course.
CONCLUSION
Students demonstratedmeasureable increases in per-
formance and perceptions across five key subject areas.
This study is a first step toward understanding how
a bridging course can help students transition into a doctor
of pharmacy degree program. The design principles and
tenets used to implement the course could be useful for
other institutions.
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